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©  System  and  method  for  inspection  and  alignment  of  semiconductor  chips  and  conductive  lead 
frames. 

©  A  method  is  described  for  aligning  a  contact  pattern  on  an  electronic  device  held  by  a  first  movable  support, 
t_  with  a  bond  site  pattern  on  a  lead  frame  held  by  a  second  movable  support.  The  method  includes  the  steps  of: 
^   (a)  creating  and  storing  models  of  a  chip's  contact  pattern  and  a  lead  frame's  bond  site  pattern;  (b)  imaging  the 

electronic  device  and  lead  frame;  (c)  determining  the  position  of  contacts  on  said  electronic  device  and 
l£2  reorienting  the  contact  pattern  model  to  a  best  fit  with  the  imaged  contact  position;  (d)  determining  the  position 
^   of  each  bond  site  on  the  imaged  lead  frame  and  reorienting  the  bond  site  model  to  a  best  fit  with  the  imaged 

^   bond  site  position;  (e)  determining  positional  differences  between  the  reoriented  lead  frame  and  contact  pattern 
O  models;  and  (f)  generating  signals  to  reorient  the  first  and  second  movable  supports  to  minimize  the  positional 

differences  when  they  are  moved  into  a  bonding  position.  A  machine  is  described  for  performing  the  above 
q   method  wherein  each  of  three  main  movable  elements  of  the  machine  is  assigned  a  dimensional  axis  in  which 

its  travel  is  non-adjustable,  so  that  other  movable  elements  can  be  calibrated  thereagainst. 
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This  invention  relates  to  a  method  and  apparatus  for  placing  semiconductor  devices  on  lead  frames 
and,  more  particularly,  to  a  method  and  system  which  enables  fast  and  highly  accurate  chip  placement  and 
bonding  on  a  TAB  lead  frame. 

In  tape  automated  bonding  (TAB)  microelectronic  packaging,  a  set  of  beam  leads  (a  "lead  frame") 
5  electrically  interconnects  a  semiconductor  chip  to  a  circuit-board  substrate.  The  beam  leads  are  supported 

on  a  polymer  substrate  called  a  TAB  tape,  and  each  frame  of  the  TAB  tape  contains  a  new  lead  frame. 
Each  lead  frame  contains  an  inner  lead  bond  area  where  individual  beam  leads  are  aligned  with  a  chip's 
contact  location,  and  an  outer  lead  bond  area  for  electrically  interconnecting  the  chip  to  a  circuit  board 
substrate.  To  make  the  desired  interconnections  between  a  chip  and  lead  frame,  a  heated  bonding  head 

io  (thermode)  forces  the  individual  beam  leads  in  the  inner  lead  bond  area  against  the  chip's  contacts  to 
achieve  a  thermal,  compression-bond. 

TAB  technology  is  moving  in  a  direction  of  more  leads  and  smaller  spacings.  Today,  TAB  lead  sizes 
are  on  the  order  of  two  thousandth's  of  an  inch  widths  on  four  thousandths  centers.  To  assure  proper 
registration,  the  semiconductor  industry  has  been  forced  to  use  optical  alignment  techniques  when  placing 

75  chips  on  lead  frames. 
The  art  is  replete  with  examples  of  automated  article  inspection  systems  and  chip  placement  machines. 

In  U.S.  Patent  4,759,073  to  Shah  et  al,  a  wire  bonder  is  disclosed  wherein  a  chip  is  rotated  four  times,  with 
each  side  being  bonded  sequentially.  After  each  rotation,  a  signature  area  on  the  chip  is  determined  and 
the  chip  is  repositioned  with  respect  to  the  signature  area.  In  U.S.  Patent  4,738,025  to  Arnold,  an  automated 

20  chip  positioning  system  is  described  wherein  both  a  chip  and  circuit  board  are  visualized  and  viewing  heads 
are  calibrated  to  enable  a  positioning  member  to  position  the  chip  on  the  circuit  board  at  a  correct  position 
and  orientation. 

While  the  viewing  systems  of  Shah  et  al.  and  Arnold  are  relatively  unsophisticated,  a  more  elegant 
viewing  system  is  described  in  U.S.  Patent  4,851,902  to  Tesuka  et  al.  This  system  is  employed  as  a  visual 

25  inspection  unit  to  determine  plating  quality  on  a  unit  being  inspected.  An  image  is  captured  from  reflected 
light  off  an  IC  frame.  The  image  is  used  to  correct  errors  in  position  between  a  reference  stored  image  and 
itself.  A  significant  problem  exists  with  respect  to  reflected  light  vision  systems  in  that  they  are  highly 
susceptible  to  changes  in  reflectivity  of  the  surface  being  examined. 

A  similar  viewing  system  is  described  in  U.S.  Patent  4,688,939  to  Ray,  but  this  system  is  directed  to 
30  the  inspection  of  solder  bumps  on  a  chip.  A  ring-light  is  placed  above  and  about  the  chip  so  that  its  light  is 

directed  at  an  angle  towards  all  sides  of  the  chip,  with  the  solder  bumps  thereby  reflecting  the  light 
upwardly,  while  the  remaining  portions  of  the  chip  diffuse  the  light  elsewhere.  Here  again,  light  reflectivity  is 
a  significant  factor  in  differentiating  the  light  reflected  from  the  solder  bumps  from  light  reflected  by  the 
remaining  surface  areas  of  the  chip. 

35  Other  imaging  systems  exhibit  one  or  more  of  the  following  drawbacks:  the  resolution  capability  of  the 
system  is  limited  by  the  pixel  (pel)  size  in  the  imaging  electronics;  the  stored  image  against  which  a 
comparison  is  made  is  derived  from  the  scanning  of  the  "standard"  device  or  substrate;  the  system 
examines  the  unit  under  test  from  a  global  point  of  view  and  is  unable  to  specify  with  particularity,  the 
precise  details  of  an  image  which  are  inconsistent  with  the  stored  reference  image;  or  the  vision  system  is 

40  dependent  upon  analysis  of  binary  image  pels  instead  of  using  full  grey-scale  information.  Prior  art  which 
exhibits  one  or  more  of  those  drawbacks  is  as  follows:  U.S.  Patents  4,481,664  to  Linger  et  al.,  4,500,202  to 
Smith;  4,555,798  to  Broadbent,  Jr.;  4,578,810  to  Macfarlane  et  al.;  4,450,579  to  Nakashima  et  al.;  and 
4,811,410  to  Amir  et  al. 

In  order  to  implement  a  sophisticated  chip/TAB  lead  frame  imaging  system,  a  chip  placement/TAB  tape 
45  movement  machine  must  have  many  degrees  of  freedom  to  enable  accurate  positioning  and  bonding  of 

chips  to  the  lead  frames.  The  design  of  such  a  machine  requires  that  its  movable  elements  be  referenced 
to  a  datum  to  assure  precise  and  reproducible  movements.  While  the  prior  art  describes  the  use  of  built-in 
calibration  mechanisms,  the  weakness  in  such  machines  is  that  the  datum  surfaces  are  separate  from  other 
moving  elements.  Thus,  if  for  any  reason  the  calibration  data  is  "off",  the  entire  system  becomes  potentially 

50  inoperative.  In  a  system  with  a  plurality  of  moving  elements,  it  is  preferred  to  interrelate  the  reference 
datums  among  the  elements,  rather  than  with  some  independent,  fixed  structure. 

Prior  art  references  indicating  various  aspects  of  device  imaging  systems  can  be  found  in  U.S.  Patents 
4,236,306  to  Hug  et  al;  4,507,605  to  Gersel;  4,516,673  to  Kashihara  et  al.;  4,606,117  to  Takahashi  et  al.; 
4,675,993  to  Haroda;  4,677,258  to  Kawashima  et  al.;  4,683,644  to  Tange  et  al.;  4,803,358  to  Kato  et  al; 

55  4,813,588  to  Srivastava  et  al.;  4,843,695  to  Doe  et  al.;  and  in  IBM  Technical  Disclosure  Bulletin,  Vol.  30,  No. 
3,  August  1987,  pp.  1197-1199  (Hutson)  and  Vol.  32,  No.  11,  April  1990,  pp.  459,460  (Cipolla  et  al.). 

Accordingly,  it  is  an  object  of  this  invention  to  provide  an  improved  method  for  aligning  a  contact 
pattern  on  a  semiconductor  chip  with  a  TAB  lead  frame. 
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It  is  another  object  of  this  invention  to  provide  an  improved  chip/TAB  lead  frame  alignment  method 
which  is  not  limited  in  its  accuracy  by  the  pel  resolution  of  an  imaging  system  (i.e.:  discrete  size  of 
individual  sensors  in  an  imaging  system). 

It  is  still  another  object  of  this  invention  to  provide  an  improved  method  for  aligning  a  chip  with  a  TAB 
5  lead  frame,  wherein  an  imaging  system  used  therewith  is  not  dependent  upon  the  reflectivity  of  the 

elements  being  joined. 
It  is  yet  another  object  of  this  invention  to  provide  an  improved  chip  placement  machine  whose  movable 

elements  have  a  plurality  of  freedoms  of  motion,  with  each  movable  element  having  a  datum  axis  of  motion 
against  which  the  other  elements  are  referenced. 

io  A  method  is  described  for  aligning  a  contact  pattern  on  an  electronic  device  held  by  a  first  movable 
support,  with  a  bond  site  pattern  on  a  lead  frame  held  by  a  second  movable  support.  The  method  includes 
the  steps  of:  (a)  creating  and  storing  models  of  a  chip's  contact  pattern  and  a  lead  frame's  bond  site 
pattern;  (b)  imaging  the  electronic  device  and  lead  frame;  (c)  determining  the  position  of  contacts  on  said 
electronic  device  and  reorienting  the  contact  pattern  model  to  a  best  fit  with  the  imaged  contact  position;  (d) 

is  determining  the  position  of  each  bond  site  on  the  imaged  lead  frame  and  reorienting  the  bond  site  model  to 
a  best  fit  with  the  imaged  bond  site  position;  (e)  determining  positional  differences  between  the  reoriented 
lead  frame  and  contact  pattern  models;  and  (f)  generating  signals  to  reorient  the  first  and  second  movable 
supports  to  minimize  the  positional  differences  as  they  are  moved  into  a  bonding  position.  A  machine  is 
described  for  performing  the  above  method  wherein  each  of  three  main  movable  elements  of  the  machine 

20  is  assigned  a  dimensional  axis  in  which  its  travel  is  non-adjustable,  so  that  other  movable  elements  can  be 
calibrated  thereagainst. 

Fig.  1  is  a  partial  perspective  view  of  a  chip  placement  and  bonding  machine  which  incor- 
porates  the  invention. 

Fig.  2  is  a  schematic  perspective  view  of  the  major  movable  portion  of  the  chip  placement  and 
25  bonding  machine. 

Fig.  3  is  a  high  level  block  diagram  showing  the  control  system  for  the  invention. 
Fig.  4  is  a  plan  view  of  a  group  of  leads  of  a  lead  frame  showing  its  relationship  to  an 

inspection  band  and  a  valley  finding  kernel. 
Fig.  5  is  a  schematic  diagram  showing  positional  errors  which  can  occur  when  viewing  a  bent 

30  lead  of  a  lead  frame. 
Fig.  6  is  a  schematic  view  illustrating  the  use  of  grazing  light  to  enable  imaging  of  chip  contact 

bumps. 
Fig.  7  is  a  view  showing  an  imaged,  non-enhanced  contact  bump. 
Fig.  8  shows  a  contact  bump  enhancement  kernel. 

35  Fig.  9  shows  an  enhanced  image  of  a  contact  bump  after  application  of  the  enhancement 
kernel. 

Fig.  10  illustrates  a  chip  surface  and  how  the  pivot  point  of  a  chip  can  be  determined  by 
application  of  a  pivot  point  kernel. 

Fig.  11  illustrates  a  rotation  kernel. 
40  Fig.  12  illustrates  a  plurality  of  contact  bumps  on  a  chip  surface,  showing  placement  of  inspec- 

tion  bands. 
Fig.  13  shows  the  placement  of  an  inspection  box  for  finding  the  centerpoint  between  adjacent 

contact  bumps. 
Fig.  14  is  a  high  level  flow  diagram  illustrating  the  initiation  of  a  lead  frame  imaging  routine. 

45  Fig.  15  is  a  high  level  flow  diagram  of  a  convolution  sub-routine  employed  with  both  the  lead 
frame  and  chip  position/inspection  imaging  routines. 

Figs.  16-20  are  further  high  level  flow  diagrams  illustrating  continuation  of  the  lead  frame  imaging 
routine. 

Figs.  21-22  are  high  level  flow  diagrams  of  a  lead  frame  fine  positioning  routine. 
50  Fig.  23  is  a  high  level  flow  diagram  of  a  chip  movement  control  routine. 

Figs  24-31  contain  a  high  level  flow  diagram  illustrating  the  chip  position/inspection  imaging  routine. 
Fig.  32  illustrates  a  high  level  flow  diagram  of  final  chip  positioning  and  bonding. 
Referring  now  to  Fig.  1,  TAB  tape  10  is  fed  from  a  feed  reel  12  through  a  hitch  feed  mechanism  14  to  a 

take  up  reel  16.  The  details  of  hitch  feed  mechanism  14  are  described  in  copending  U.S.  Patent  Application 
55  Serial  No.  546,496,  entitled  "Tape  Automated  Bonding  Feeder"  to  Cipolla  et  al.,  (attorney  docket  YO990- 

017)  filed  on  even  date  herewith. 
In  brief,  hitch  feed  mechanism  14  comprises  a  movable  gripper  assembly  16  and  a  fixed  jaw  assembly 

18.  Movable  gripper  assembly  16  is  mounted  on  a  platform  which  is  in  turn  mounted  on  a  slider  plate  20 

4 
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that  is  connected  to  a  bidirectional  rotary  motor  22  (shown  partially).  The  action  of  motor  22  upon  slider 
plate  20  causes  it  to  move,  reciprocally,  along  the  directions  indicated  by  arrows  24.  Movable  gripper 
assembly  16  is  provided  with  a  window  26  in  which  a  leadframe  on  TAB  tape  10  can  be  imaged  and  where 
a  chip  can  be  bonded. 

5  During  hitch  feeding,  motor  22  moves  slider  20  to  the  left  at  the  same  time  as  grippers  in  movable 
gripper  assembly  16  are  opened.  This  action  causes  movable  gripper  assembly  16  to  increment  to  the  left 
by  one  lead  frame.  Simultaneously,  fixed  jaw  assembly  12  is  closed  and  prevents  the  movement  of  TAB 
tape  10,  when  movable  gripper  assembly  16  moves  to  the  left.  At  the  left-most  limit  of  movement  of  slider 
plate  20,  grippers  in  movable  gripper  assembly  16  close  upon  the  edges  of  TAB  tape  10,  and  the  jaws  in 

io  fixed  jaw  assembly  18  are  opened.  At  this  point,  a  new  lead  frame  is  positioned  in  window  26,  and  it  is  then 
incremented  to  the  right  by  movement  of  slider  plate  20  into  the  bonding  position  shown  in  Fig.  1. 

As  will  be  understood  from  description  below,  at  the  end  of  the  right-ward  movement  of  movable 
gripper  assembly  16,  a  lead  frame  in  window  26  is  imaged.  If  the  lead  frame  is  determined  to  be  out  of 
position,  a  signal  is  provided  to  motor  22  to  cause  a  vernier  adjustment  of  slider  plate  20  (and  TAB  tape  10) 

is  along  the  X-axis  direction  of  travel  of  TAB  tape  10  (see  axes  of  travel  at  upper  right  of  Fig.  1).  Thus,  the 
position  of  TAB  tape  10  is  both  grossly  and  finely  adjustable  along  the  X  axis.  As  the  position  of  TAB  tape 
10  is  confined  along  the  Y  axis,  there  is  no  provision  for  position  adjustment  along  that  axis. 

As  above  stated,  as  each  lead  frame  on  TAB  tape  10  is  incremented  into  window  26  by  hitch  feed 
mechanism  14,  a  chip  (or  chips)  may  be  emplaced  on  the  lead  frame  and  bonded  thereto.  Those  chips  are 

20  accessed  from  a  waffle  holder  28  which  stores  a  plurality  of  pre-positioned  semiconductor  chips.  A  plurality 
of  waffle  holders  26  are  mounted  on  a  movable  table  30  which  enables  each  waffle  holder  28  to  be  properly 
positioned  beneath  a  vacuum  head  32. 

When  a  chip  is  in  place  on  vacuum  head  32,  it  is  incremented  by  a  mechanism  34  and  moved  to  place 
the  chip  over  a  vacuum  thermode  36.  When  vacuum  head  32  is  properly  positioned  over  vacuum  thermode 

25  36,  the  chip  is  transferred  to  thermode  36  by  turning  on  its  vacuum  supply  and  cutting  off  the  vacuum 
supply  to  head  32.  A  nitrogen  gas  jet  may  be  provided  at  this  point  to  remove  any  debris  from  the  surface 
of  the  chip  (not  shown). 

When  a  chip  is  placed  on  vacuum  thermode  36,  it  is  oriented  so  that  its  contact  pattern  is  face  up. 
Thus,  when  vacuum  thermode  36  is  subsequently  moved  into  a  bonding  position  beneath  window  26,  a  chip 

30  on  its  uppermost  surface  is  adapted  to  be  bonded  to  a  lead  frame  positioned  in  window  26. 
Vacuum  thermode  36  is  provided  with  several  motor  drive  assemblies  for  control  of  its  movement  along 

a  plurality  of  axes.  Thermode  36  is  adjustably  movable  along  both  the  X  and  Y  axes  by  a  pair  of 
orthogonally  positioned  rotary  drive  motors  38  (only  one  is  shown).  The  X  axis  rotary  drive  motor  38 
connects  to  a  slider  plate  40  (on  which  thermode  36  is  mounted).  Motor  38  is  thus  able  to  precisely  position 

35  thermode  36  along  the  X  axis  in  accordance  with  control  signals  fed  to  it  from  a  control  unit.  Thermode  36 
can  similarly  be  positioned  along  the  Y  axis  by  another  motor  38  connected  to  slider  plate  42.  A  third  motor 
44  controls  the  rotary  position  of  thermode  36  about  the  Z  axis.  A  pair  of  pneumatic  actuators  46  raise  and 
lower  thermode  36  along  the  Z  axis,  but  do  so  only  between  fixed  up  and  down  positions.  Thus,  while 
thermode  36  is  adjustably  translatable  along  the  X  and  Y  axes  and  is  adjustably  rotatable  about  the  Z  axis, 

40  its  translation  along  the  Z  axis  is  between  fixed  up  and  down  positions  which  are  not  adjustable  in  real  time. 
The  fixed  up  position  of  thermode  36  assures  that  any  chip  positioned  thereon  will  have  its  contact  pattern 
invariably  placed  in  a  known  position  on  the  Z  axis  beneath  window  26. 

In  the  position  shown  in  Fig.  1,  thermode  36  is  to  the  left  of  hitch  feed  mechanism  14  and  in  its 
uppermost  Z  axis  travel  position.  It  is  at  this  position  where  it  receives  a  chip  from  vacuum  head  32. 

45  Subsequently,  it  is  withdrawn  to  its  down  Z  axis  position,  translated  to  the  right  along  the  Y  axis  to  a  viewing 
position  and  then  to  a  position  directly  beneath  window  26  where  it  is  translated  upwardly  to  its  up  Z  axis 
position.  Intermediate  the  time  between  its  position  as  shown  in  Fig.  1  and  its  subsequent  position  beneath 
window  26,  motors  38  and  44  adjust  the  position  of  thermode  36  to  assure  a  match  between  the  chip's 
contact  pattern  and  a  lead  frame  in  window  26. 

50  A  second  thermode  48  is  positioned  to  the  right  of  hitch  feed  mechanism  14  and  is  shown  positioned 
above  the  upper  surface  thereof.  Thermode  48  can  act  as  either  a  heated  anvil  during  the  bonding  of  a  chip 
to  a  lead  frame,  or  as  an  additional  vacuum  thermode  for  carrying  a  second  semiconductor  chip  to  the 
upper  surface  of  TAB  tape  10  for  bonding.  In  the  latter  case,  a  further  waffle  holder  and  vacuum  chip 
transport  mechanism  are  provided  (not  shown  in  Fig.  1).  The  details  of  construction  of  thermode  40  can  be 

55  found  in  U.S.  Patent  4,875,614  to  Cipolla  et  al.,  assigned  to  the  same  Assignee  as  this  application.  The 
teachings  of  that  patent  are  incorporated  herein  by  reference. 

Thermode  48  is  constructed  so  as  to  be  freely  movable  in  the  pitch,  yaw,  and  roll  dimensions,  so  that  it 
can  reliably  contact  a  lead  bond  frame,  to  the  underside  of  which,  a  chip  has  been  positioned  for  bonding. 

5 
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Additionally,  thermode  48  is  adjustably  movable  along  the  Y  axis  by  virtue  of  its  attachment  to  a  slider  plate 
50,  and  is  further  adjustably  rotatable  about  the  Z  axis  due  to  its  attachment  to  a  motor  driven  spindle  52. 
Thermode  48  is  positionally  fixed  along  the  X  axis  and  its  X  position  controls  the  X  placement  of  both  hitch 
feed  mechanism  14  and  lower  vacuum  thermode  36. 

5  Vacuum  thermode  48  has  a  plurality  of  internal  springs  (not  shown)  and  is  movable  along  the  Z  axis  by 
a  programmable  motor  54.  By  adjusting  the  amount  of  travel  of  thermode  38  along  the  Z  axis,  its  internal 
springs  exert  pressure  on  a  lead  bond  frame  in  window  26  to  provide  optimum  thermo-compression 
bonding  between  the  frame  and  an  underlying  chip  contact  pattern. 

Three  Video  cameras  60,  62,  and  64  are  respectively  focused  on  thermode  36  (when  it  is  in  the  viewing 
io  position),  window  26,  and  thermode  48.  Each  of  cameras  60,  62,  and  64  provides  an  image  input  to  a 

control  system  (shown  in  Fig.  3)  which,  in  response  thereto,  operates  the  machine.  As  shown  in  Fig.  3, 
cameras  60,  62,  and  64  feed  into  a  video  processor  70  whose  output  is  connected  via  bus  72,  to  a  central 
processing  unit  (CPU)  74.  CPU  74  stores  both  a  bond  site  model  and  a  contact  pattern  model.  The  bond 
site  model  is  a  mathematical  description  of  each  beam  lead  bond  site  and  its  relation  to  all  other  bond  sites. 

is  Similarly  the  contact  pattern  model  is  a  precise  description  of  each  contact  and  its  relationship  to  all  other 
contacts  on  a  chip.  The  comparison  of  these  models  to  imaged  bond  sites  and  contact  patterns,  and  the 
adjustment  of  the  models  to  a  best  fit  with  the  imaged  sites  and  patterns  enables  precise  control  of  the 
invention. 

Outputs  from  CPU  74  are  fed  to  control  various  components  of  the  invention.  One  output  is  fed  via  I/O 
20  interface  76  to  control  the  positioning  of  thermode  36  and  its  assembly.  Another  output  from  CPU  74  is  fed 

via  I/O  interface  78,  to  control  the  position  of  thermode  48  and  its  assembly.  Finally,  a  third  output  from 
CPU  74  is  fed  via  I/O  interface  80  to  control  both  the  pneumatics  which  operate  the  jaws  and  grippers  on 
hitch  feeder  assembly  14  and  to  further  control,  via  a  motor  controller  82,  motor  22  which  increments  TAB 
tape  10. 

25  In  Fig.  2  a  schematic  illustrates  the  relative  positions  of  TAB  tape  10  and  thermodes  36  and  48.  A 
semiconductor  chip  100  is  shown  in  place  on  thermode  36  in  a  contacts-up  orientation.  It  is  the  contact 
pattern  on  the  face  of  chip  100  that  is  described  by  the  contact  pattern  model  in  CPU  74.  More  specifically, 
it  is  the  contact  pattern  model  which  precisely  describes  the  relative  positioning  of  each  contact  on  the 
surface  of  chip  100.  However,  due  to  manufacturing  anomalies,  the  contact  pattern  on  the  face  of  chip  100 

30  may,  at  times,  not  match  that  of  the  contact  pattern  model  and  furthermore,  the  position  of  chip  100  on 
thermode  36  may  be  skewed  so  that  it  is  positionally  offset  (both  translated  and  rotated)  from  the  orientation 
of  the  model.  These  offsets  must  be  corrected  prior  to  any  bonding  action.  Furthermore,  if  a  chip  offset  is 
found  to  be  too  great,  a  contact  is  found  to  be  missing  from  the  pattern,  or  a  single  contact  is  mispositioned 
with  respect  to  its  expected  position,  the  chip  must  be  rejected  and  replaced  by  another  one. 

35  The  X,  Y,  and  Z  axes  shown  to  the  right  of  thermode  36  indicate  that  its  position  is  adjustable  along  and 
X  and  Y  axis  and  rotatable  about  the  Z  axis,  but  it  is  not  adjustably  movable  along  the  Z  axis  nor  rotatable 
about  the  X  and  Y  axes.  As  will  be  remembered,  thermode  36  is  movable  between  up  and  down  positions, 
with  those  positions  being  fixed  and  non-adjustable.  In  the  same  manner,  thermode  48  is  adjustable  along 
the  Y  and  Z  axes  but  not  along  the  X  axis. 

40  Shown  on  TAB  tape  10  are  a  plurality  of  lead  frames  102,  each  of  which  comprises  a  plurality  of  beam 
leads  104  that  extend  over  an  opening  106.  Each  beam  lead  104  is  provided  with  a  bond  site  thereon  to 
which  a  contact  on  chip  100  will  be  adhered.  The  bond  site  model  contained  in  CPU  74  describes  the 
position  of  each  of  beam  leads  104  and  it's  associated  bond  site,  and  assumes  the  lead  frame  is  "perfect". 
As  is  known,  lead  frames  sometimes  become  bent  or  otherwise  deformed  as  the  result  of  handling  or 

45  manufacturing  anomalies.  The  comparison  of  an  imaged  lead  frame  with  the  bond  site  model,  enables  such 
anomalous  lead  frames  to  be  detected  and  sorted. 

As  shown  by  the  axes  to  the  right  of  TAB  tape  10,  it  is  adjustably  movable  in  the  X  dimension  but  not  in 
the  Y  dimension.  Thus,  it  can  be  seen  from  Fig.  2  that  each  element  of  the  chip  placement  and  bonding 
system  has  a  dimension  in  which  it  is  non-adjustable.  This  enables  the  position  controls  to  be  distributed 

50  amongst  the  various  elements  of  the  system  and  avoids  the  need  for  duplication  of  adjustable  position 
controls. 

The  detailed  operation  of  the  chip  placement  and  bonding  system  of  Fig.  1,  in  conjunction  with  the 
control  system  shown  in  Fig.  3,  will  now  be  described  in  detail.  The  flow  diagrams  shown  on  Figs.  14-32  will 
be  employed  to  describe  the  functions  which  occur  during  the  operation  of  the  system.  Further,  the  flow 

55  diagrams  of  Figs.  14-32  will  be  described  in  conjunction  with  Figs.  4-13,  which  help  in  visualizing  the 
functions  that  occur  at  various  points  during  the  operation. 

Turning  now  to  Fig.  14,  the  lead  frame  routine  commences  by  delivering  a  next  TAB  lead  frame  to  the 
bond  site  in  window  26  (box  200).  The  lead  frame  is  imaged  by  camera  62  (Fig.  1),  and  the  resulting  frame 
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image  is  then  digitized  and  stored  (box  201).  When  the  image  of  a  lead  frame  is  obtained,  it  is  lighted  from 
below  so  that  each  of  the  beam  leads  is  imaged  as  a  dark  object,  (due  to  the  fact  that  it  obscures  the  light 
from  imaging  camera  62).  A  measurement  is  then  made  of  non-occluded  light  passing  through  the  center  of 
the  lead  frame  to  determine  a  "bright"  light  value  (box  202).  A  threshold  value  is  then  calculated  by 

5  multiplying  the  bright  light  value  times  a  user  defined  constant  (box  204).  This  threshold  value  will  be  used 
hereinafter  by  the  algorithm  in  determining  the  position  of  a  beam  lead  during  scanning  of  the  digitized 
image. 

This  operation  can  be  better  understood  by  referring  to  Fig.  4  wherein  a  pel  representation  of  a  plurality 
of  beam  leads  104  is  illustrated.  An  inspection  band  105  is  created  by  the  CPU  and  runs  perpendicularly  to 

io  each  of  beam  leads  104,  encompassing  the  regions  thereon  which  will  eventually  be  bonded  to  individual 
contacts  on  a  semiconductor  chip.  Inspection  band  105  is  shown,  for  example,  to  be  five  pels  wide  and  long 
enough  to  cover  the  entire  side  of  the  lead  frame.  There  are  identical  inspection  bands  created  for  the  other 
remaining  three  sides  of  the  lead  frame.  Additionally,  an  inspection  box  107  is  created,  and  in  the  case 
shown  in  Fig.  4,  is  five  pels  wide  by  five  pels  long.  It  will  be  obvious  to  those  skilled  in  the  art  that 

is  inspection  bands  105  and  inspection  box  107  are  not  actually  "boxes",  but  rather  are  stored  data  which 
define  areas  encompassing  certain  pels  in  the  digitized  image.  Their  showings  in  Fig.  4  are  for  explanatory 
purposes  only. 

Once  the  inspection  bands  and  inspection  box  have  been  created  (box  206),  a  convolution  subroutine  is 
performed  using  a  valley-finding  (i.e.,  intensity  minimum)  kernel  (box  208).  This  kernel  is  shown  within 

20  inspection  box  107  in  Fig.  4,  and  comprises  a  series  of  values  assigned  to  contiguous  pels.  In  this  instance, 
the  five  contiguous  pels  have  values  of  -2,  -1,0,  +  1  ,  and  +  2.  One  objective  of  the  lead  frame  routine  is  to 
determine  the  center  (i.e.  bond  site)  of  each  of  beam  leads  104. 

Turning  to  Fig.  15,  the  convolution  routine  commences  by  overlaying  valley  finding  kernel  107  over  a 
first  pel  in  a  region  of  interest  (i.e.,  inspection  band  105).  Thus,  the  crosshatched  pel  in  inspection  box  107 

25  is  superimposed  over  image  pel  108.  Then  the  gray  scale  value  of  each  underlying  image  pel  is  multiplied 
by  the  value  of  the  overlaid  kernel  pel  (box  212)  and  the  resulting  products  are  added.  Since  there  are  25 
pels  in  the  valley  finding  kernel  107,  25  multiplications  take  place,  followed  by  the  addition  of  all  25 
products  to  arrive  at  an  accumulated  sum.  That  sum  is  assigned  to  image  test  pel  108  in  a  convolved  frame 
buffer  (not  shown)  (box  214). 

30  At  this  point  (box  216),  valley  finding  kernel  107  is  incremented  to  image  pel  109  and  the  process 
repeated.  When  the  inspection  box  reaches  the  end  of  inspection  band  105,  it  increments  back  to  the 
beginning  and  is  moved  down  one  line  of  pels  and  the  process  repeated  etc.  etc.,  until  all  pels  in  the 
inspection  band  have  been  convolved. 

The  effect  of  the  above  valley-finding  action  can  be  better  understood  by  realizing  that  a  value  assigned 
35  to  a  center  pel  will  be  zero  when  the  rate  of  change  of  light  on  either  side  of  that  pel  is  equal  and  opposite. 

For  instance,  if  the  light  slope  increases  to  the  pel's  right  and  also  increases  to  the  pel's  left,  the  resulting 
values  will  subtract,  one  from  the  other,  leaving  a  resultant  zero  value.  On  the  other  hand,  a  large  negative 
value  will  be  assigned  to  the  center  image  pel  when  the  light  is  falling  steeply  from  a  bright  value  to  a  dark 
value.  Or,  if  the  light  is  rising  from  a  dark  value  to  a  much  lighter  value,  the  assigned  value  to  the  center 

40  image  pel  will  be  a  large  positive  number.  The  assigned  convolved  values  in  the  image  frame  buffer  are 
later  used  to  determine  the  center  points  (bond  sites)  on  each  of  beam  leads  104. 

In  Fig.  16,  the  lead  frame  routine  continues  and  a  test  pel,  e.g.,  108,  (Fig.  4)  is  selected  (box  220). 
Initially  the  gray  scale  value  of  that  pel  is  tested  against  the  threshold  value  (box  222)  to  determine  if  its 
gray  scale  value  is  less  than  the  threshold  (indicating  entry  into  a  dark  or  beam  lead  area).  If  no,  the  next 

45  pel  is  selected  (box  224)  and  the  test  is  repeated.  If  yes,  the  convolved  value  for  a  pel  to  the  left  of  the  test 
pel  is  read  and  is  called  Sm  (box  226).  The  convolved  value  for  the  test  pel  is  also  read  and  called  Sp.  The 
tests  shown  in  decision  box  230  are  then  performed.  First,  it  is  determined  whether  the  convolved  value  of 
Sm  is  negative  (<0),  and  then  whether  the  value  of  Sp  is  positive  or  equal  to  zero.  If  an  AND  condition  is 
found,  it  indicates  that  there  is  a  change  in  slope  of  light  value  between  the  pel  to  the  left  and  the  test  pel.  If 

50  no  such  condition  is  found,  the  next  pel  is  selected  and  the  tests  are  repeated. 
Assuming  an  AND  condition  is  found,  the  lead  frame  routine  proceeds  to  box  232  where  an  interpolation 

is  performed  between  the  values  Sm  and  Sp  to  find  a  precise  location  therebetween  where  the  light  slope 
goes  to  zero.  This  step  enables  a  basic  limitation  of  the  imaging  system  to  be  overcome  by  allowing  the 
system  to  achieve  positional  determinations  which  are  finer  than  the  individual  pel  sizes.  Even  though  high 

55  definition  imaging  systems  are  employed,  the  pel  sizes  still  present  a  limiting  factor  to  the  dimensional 
resolution  which  can  be  achieved.  Thus,  the  convolution  steps  followed  by  the  logical  tests  and  interpolation 
described  above,  enable  the  imaging  routine  to  overcome  heretofore  assumed  pel-related  system  limita- 
tions. 
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Once  a  zero  slope  position  is  found,  its  coordinates  are  assigned  as  the  center  of  the  associated  beam 
lead  (box  234).  The  system  then  proceeds  to  predict  the  location  of  the  center  of  the  next  beam  lead  in  the 
inspection  band  by  using  the  bond  site  model  and  an  average  of  the  last  N  predicted  vs.  actual  lead  centers 
found  (assuming  that  N  lead  centers  have  been  found)  (box  236).  At  this  point,  the  above-described  test, 

5  followed  by  convolved  value  comparisons  is  repeated  in  boxes  240,  244,  246,  and  248.  If  (as  shown  in  box 
242)  a  number  of  pels  are  selected  and  none  exhibits  a  gray  scale  value  less  than  the  threshold  value,  then 
it  is  assumed  that  a  beam  lead  is  missing,  and  the  procedure  aborts  after  five  test  pels  have  been  tested.  At 
this  point,  the  procedure  causes  a  new  TAB  lead  frame  to  be  incremented  into  the  bond  site,  the 
assumption  being  that  the  lead  frame  bond  presently  in  the  bond  site  is  damaged.  If  there  are  a  number  of 

io  sequential  failures,  the  operator  is  notified  to  take  remedial  action. 
Turning  to  Fig.  18,  and  assuming  that  the  condition  shown  in  box  248  has  been  met,  an  interpolation  is 

performed  to  find  the  zero  slope  location  (box  250),  and  that  location  is  assigned  as  the  center  of  the  next 
beam  lead  (box  252).  At  this  time,  any  error  between  the  predicted  center  of  the  beam  lead  and  the  actually 
found  center  location  is  recorded.  (To  be  used  as  shown  in  box  236,  Fig.  17.) 

is  As  shown  in  Fig.  19,  the  procedure  continues  by  determining  whether  N  bond  centers  have  been  found 
(box  256,  and  if  not,  returns  to  box  236  in  Fig.  17  to  continue  the  program.  If  N  centers  have  been  found, 
(box  258),  the  program  next  inquires  whether  all  bond  centers  in  the  inspection  band  have  been  found  (box 
258).  If  not,  the  average  error  between  the  last  N  predicted  and  actually  found  lead  centers  is  determined 
(box  260),  and  the  program  recycles  to  box  236.  If  all  bond  centers  in  the  inspection  band  have  been  found, 

20  the  program  inquires  whether  all  inspection  bands  have  been  searched  (box  262)  and  if  not,  the  program 
cycles  to  the  next  inspection  band  and  continues  (box  264). 

Once  all  inspection  bands  have  been  searched,  the  center  position  and  angle  of  the  lead  frame  is 
calculated.  The  precise  equations  for  these  calculations  are  given  in  Table  1. 
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TABLE  1 

Known  empirically 
Let  (xb,  JF4)  be  the  average  position  of  all  leads  in  each  bank  b. 

Let  (3cA,  yh)  be  the  average  position  of  all  leads  in  all  horizontal  banks. 

Let  (3c„  y,)  be  the  average  position  of  all  leads  in  all  vertical  banks. 

Let  (xt,yc)  be  the  approximate  center  of  the  frame  calculated  by  other  means  (only  for  chip). 

Known  a  priori 
Let  u»)  be  the  average  position  of  all  leads  in  each  bank  b. 

Let  ({»,  U»)  be  the  average  position  of  all  leads  in  all  horizontal  banks. 

15  Let  ({„  U.)  be  the  average  position  of  all  leads  in  all  vertical  banks. 

To  be  calculated 

Î et  (C,,Q  be  the  center  point  of  the  frame  in  real  space. 

20  Let  6  be  the  angle  of  orientation  of  the  frame  in  real  space. 

Formulae 
When  bl  and  h2  are  horizontal  banks,  if  dx  =  3tj,  —  xti,  dy  =  y  ̂ —  y~n,  and  dl,  =  {t,  -  £H,  then: 

didv  +  dxJdx2  +  dy2  -  d£2 
25  sin  6  =  :  ^   = 

dx2  +  dy2 

When  61  and  bl  arc  vertical  banks,  if  dx  =  3cM  -  3c«,  dy  -  yt,  —  j>«,  and  du  =  Ct,  -  ukl,  then: 

/ 1 1 1  dx  +  dy  -  dv 
sin  8  =  '—  '-  — 

dx2  +  dy2 

When  both  horizontal  and  vertical  banks  are  present: 

Cx  =  xh  +  (xY  -  xh)  sin20  -  Ov  -  yh)  sin  6  cos  6  +  ov  sin  6  -  ih  cos  6 

cy  =  )'h  +  CVv  -  yh)  cos20  -  (xv  -  xa)  sin  0  cos  0  ~  °v  cos  6  -  Zh  sin  6 

When  only  horizontal  banks  are  present,  and  the  y-center  is  known: 

-  ,  tih-y'c)  s i n g - ^  
Ĉ   =  ^  +  c ^  

Wlien  only  vertical  banks  arc  present,  and  the  x-ccnter  is  known: 

(xc  -  xv)  sin  0  -  uv 
c>  =  ,v  +  -  c ^ r ~  

Broadly  described,  the  above  equations  find  the  center  of  each  side  of  the  lead  frame  by  averaging 
so  measured  bond  sites  (box  266).  The  found  centers  are  then  averaged  to  obtain  a  rough  center  of  the  lead 

frame  (box  268).  Centers  of  opposite  frame  sides  are  then  connected  (box  270),  and  measurements  are 
made  of  any  angular  differences  between  the  connecting  lines  on  the  imaged  lead  frame  and  complemen- 
tary  lines  on  the  bond  site  model.  Those  measurements  are  averaged  to  find  the  angle  between  the  imaged 
lead  frame  and  the  bond  site  model,  and  that  angle  is  assigned  as  the  angle  of  the  imaged  lead  frame. 

55  At  this  point,  the  rough  center  of  the  imaged  lead  frame  is  corrected  for  any  center  offset  and  the  new 
center  is  assigned  as  the  center  of  the  imaged  lead  frame  (box  276).  The  bond  site  model  is  then  altered  in 
position  so  that  its  center  and  angle  are  coincident  with  the  center  and  angle  of  the  imaged  lead  frame  (box 
278).  The  above  procedure  provides  a  "best  fit"  for  the  lead  frame  which,  in  essence,  minimizes  the 
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maximum  error  found  for  any  lead  in  the  lead  frame.  The  algorithm  proceeds  to  determine  the  location 
difference  between  each  model  bond  site  and  each  measured  beam  lead  center.  Any  such  location 
difference  is  assigned  to  the  beam  lead  center  as  a  bond  site  error. 

The  program  now  invokes  a  fine  positioning  procedure  which  enables  a  more  precise  alignment  of  the 
5  bond  site  model  with  the  imaged  lead  frame.  It  commences  by  finding  the  maximum  bond  site  error  for 

each  side  of  a  lead  frame.  In  essence,  it  inspects  each  inspection  band  and  finds  which  determined  beam 
lead  center  has  a  greatest  difference  from  a  model  bond  site  (box  282).  The  program  then  proceeds  to 
correct  for  any  increase  in  bond  site  errors  which  results  from  a  variation  in  lead  heights  in  the  lead  frame 
(box  284).  This  can  better  be  understood  by  referring  to  Fig.  5  wherein  a  plurality  of  beam  leads  104  are 

io  shown  being  imaged  by  camera  62.  For  exemplary  purposes  it  is  assumed  that  beam  lead  110  has  been 
bent  downwardly  out  of  the  plane  of  the  remaining  beam  leads  104.  Initially,  camera  62  has  a  focal  plane  f1 
which  is  coincident  with  the  plane  of  beam  leads  104.  It  thus  appears  to  camera  62  that  the  position  of  the 
beam  lead  110  is  at  the  intersection  of  ray  111  and  focal  plane  f1,  and  beam  lead  110  appears  to  be  offset 
by  a  distance  d  from  its  actual  horizontal  position.  This  type  of  error  has  the  property  that  it  increases  in 

is  proportion  to  the  distance  from  the  center  of  the  inspection  band.  It  also  increases  or  decreases  in  relation 
to  its  distance  from  an  imaging  camera.  Such  errors  may  be  identified  and  reduced  by  an  averaging  and 
fitting  technique. 

Next,  the  model  is  translated  to  minimize  the  maximum  bond  site  error  found  in  box  282.  The  amount 
the  model  is  translated  is  equal  to  the  average  of  the  plus  and  minus  maximum  errors  on  opposite  sides  of 

20  the  lead  frame.  Once  this  translation  of  the  model  has  occurred,  the  maximum  bond  site  error  is 
recomputed  for  each  side  of  the  lead  frame  (box  288). 

It  is  now  assumed  that  any  remaining  bond  site  errors  have  resulted  from  a  rotation  of  the  imaged  lead 
frame.  As  a  result,  the  model  is  rotated  a  small  amount  in  the  direction  of  the  largest  bond  site  error  seen 
on  the  imaged  lead  frame.  The  direction  of  rotation  is  set  to  reduce  the  maximum  error  (box  290). 

25  After  that  small  amount  of  rotation,  the  maximum  bond  site  error  is  then  recomputed  for  each  side  of 
the  lead  frame  (box  292).  It  is  then  determined  whether  or  not  that  rotation  increased  the  maximum  error 
(box  294)  -  see  Fig.  22.  If  the  maximum  error  did  not  increase,  the  program  recycles  back  to  box  290  and 
another  incremental  rotation  occurs. 

When  it  is  determined  that  the  maximum  error  increases  as  a  result  of  an  incremental  rotation,  that 
30  rotation  is  undone  (box  296),  and  the  resulting  maximum  bond  site  error  on  the  image  lead  frame  is 

compared  to  a  user  selected  threshold  (box  298).  If  it  is  greater  than  the  threshold  (box  300),  a  new  lead 
frame  is  incremented  into  the  bond  site  position.  If  it  is  less  than  the  user  selected  threshold,  the  maximum 
bond  site  error  is  recorded  (box  302),  and  it  is  determined  whether  N  lead  frames  have  been  found  (box 
304).  If  the  answer  is  yes,  the  errors  are  averaged  for  the  N  frames  (box  306)  and  the  hitch  distance  is 

35  corrected  (box  308)  to  enable  the  hitch  feed  mechanism  to  increment  the  next  lead  frame  more  closely  into 
a  proper  bonding  position  (i.e.,  into  window  26  in  Fig.  1).  In  addition,  the  position  of  inspection  band  105  is 
also  shifted  in  a  direction  perpendicular  to  the  motion  of  TAB  tape  10  (i.e.  Y  axis)  to  enable  inspection  of  the 
leads  more  closely  to  their  bond  sites. 

From  the  aforementioned,  it  can  be  seen  that  the  hitch  distance  of  TAB  tape  10  and  the  Y  location  of 
40  inspection  bands  105  are  continually  updated  and  corrected  by  positioning  errors  found  during  this 

procedure.  As  a  result,  positioning  errors  which  might  otherwise  tend  to  accumulate  are  continually 
corrected,  thereby  enabling  the  machine  to  proceed  without  interruption.  If  N  lead  frames  have  not  yet  been 
found,  the  program  skips  boxes  306  and  308  and  proceeds  to  the  chip  movement  and  placement 
subroutine  shown  in  Figs.  23  etc. 

45  Turning  to  Fig.  23,  the  chip  movement  control  subroutine  will  be  considered  in  conjunction  with  Fig.  1. 
Initially,  vacuum  pick-up  32  is  moved  away  from  the  chip  table  (box  312),  and  thermode  36  is  lowered  to  its 
down  position  (box  314).  The  chip  table  is  moved  to  a  new  chip  position  (box  316),  and  vacuum  pick  up  32 
is  moved  back  to  the  chip  table  (box  318).  When  it  is  directly  over  a  chip  in  a  waffle  holder,  its  vacuum  is 
turned  on  (box  320),  and  a  chip  is  lifted  out  of  the  waffle  holder  and  held  against  the  lower  extremity  of 

50  vacuum  head  32.  Vacuum  head  32,  with  its  chip,  is  positioned  over  thermode  36  and  thermode  36  is  then 
raised  to  its  upper  position  (box  322).  At  this  point,  the  vacuum  on  pick-up  head  32  is  turned  off  and  the 
vacuum  supplied  to  thermode  36  is  turned  on,  thereby  causing  the  chip  to  be  transferred  from  head  32  to 
thermode  36  (box  324).  Thermode  36  is  then  moved  into  the  view  of  chip  camera  60  (box  326),  and  the 
chip's  image  is  digitized  and  stored  (box  328).  Thermode  36  is  then  lowered  and  moved  to  the  nominal  lead 

55  frame  position  (box  330). 
In  Figs.  24  et  seq.,  additional  details  of  the  chip  inspection  and  positioning  routine  are  illustrated. 

Initially,  a  convolution  subroutine  is  performed  over  the  chip  image  using  a  bond  site  enhancement  kernel 
(box  332).  This  operation  can  be  better  understood  by  referring  to  Figs.  6-9.  As  shown  in  Fig.  6,  a  chip  112 
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is  shown  as  it  is  positioned  on  thermode  36.  Each  contact  area  on  the  upper  face  of  chip  112  is  configured 
as  a  conductive  "bump"  which  is  convex  in  shape  and  extends  above  the  upper  surface  of  chip  112. 

It  is  critical  to  the  further  functioning  of  this  routine  that  each  of  the  contact  bumps  114  be  precisely 
imaged  so  that  both  the  position  of  chip  112  and  its  contact  bumps  can  be  determined.  To  accomplish  this, 

5  a  plurality  of  side  lights  116  are  provided,  each  one  being  positioned  adjacent  a  corner  of  chip  112.  The 
light  beams  emanating  from  each  of  lights  116  are  designed  so  that  they  are  parallel  to  the  uppermost 
surface  of  chip  112  and  just  graze  the  upper  surfaces  of  contacts  114.  As  a  result,  the  only  light  which  is 
reflected  upwardly  (as  evidenced  by  arrows  118)  is  that  which  impinges  upon  the  upper  surfaces  of 
contacts  114.  Due  to  the  fact  that  the  light  beams  are  essentially  parallel  to  the  surface  of  chip  112,  little  or 

io  no  light  is  reflected  therefrom  into  an  imaging  camera. 
In  Fig.  7,  a  rendering  of  a  four  by  four  pel  imaged  convex  contact  114  is  shown  before  it  is  enhanced. 

The  variations  in  reflectivity  thereof  may  result  from  a  malformation  of  a  contact,  a  change  in  its  reflectivity 
characteristics  over  its  surface,  the  fact  that  the  reflected  light  comes  from  four  sources,  all  at  different 
distances,  etc. 

is  To  enhance  the  image  of  chip  contacts,  a  bond  site  enhancement  kernel,  such  as  is  shown  in  Fig.  8,  is 
employed.  The  convolution  subroutine  superimposes  the  site  enhancement  kernel  over  the  digitized  image 
of  the  upper  surface  of  chip  112,  modifies  each  overlaid  image  pel  by  the  value  shown  in  the  kernel  pel  that 
overlays  the  imaged  pel,  and  then  sums  all  of  the  values.  This  summed  value  is  then  assigned  to  a  center 
pel  in  the  kernel,  and  the  kernel  is  moved  one  pel  to  the  right  and  the  procedure  repeated. 

20  After  the  site  enhancement  kernel  has  been  sequenced  over  all  pels  of  the  image,  the  image  pels  will 
have  been  convolved  and  those  which  image  the  contacts  will  be  substantially  enhanced.  Since  there  is 
very  little  light,  (if  any),  reflected  from  the  upper  surface  of  the  chip,  the  areas  between  the  pels  will  remain 
dark.  It  should  also  be  understood  that  the  effect  of  a  convolution  acting  on  any  constant  background  is  to 
substantially  eliminate  the  background  contribution.  The  details  of  the  convolution  subroutine  are  shown  in 

25  Fig.  15.  An  enhanced  pel  image  of  a  contact  is  shown  in  Fig.  9. 
After  the  bond  site  enhancement  routine  is  completed,  the  position  of  the  chip's  "pivot  point"  is  found. 

Chip  contact  patterns  are  generally  arranged  so  that  there  is  one  unique  arrangement  of  contacts  to  enable 
determination  of  the  orientation  of  the  chip.  This  can  be  seen  by  examining  Fig.  10  where  a  plan  view  of 
chip  112  is  shown  with  its  contacts  114.  The  lower  left  corner  of  chip  112  has  a  unique  contact  pattern 

30  which  is  shown  expanded  to  the  right  of  the  Fig.  There,  it  can  be  seen  that  the  position  of  contact  116  is 
unique  to  the  chip  and  defines  the  area  where  the  chip's  pivot  point  can  be  found.  In  fact,  the  pivot  point  is 
designated  by  dotted  circle  118  and  is  essentially  an  imaginary  point  about  which  the  angular  position  of 
the  image  of  chip  112  can  be  determined  and  adjusted. 

To  determine  the  pivot  point  location  and  the  angle  of  the  chip  image  about  that  location,  the  position  of 
35  a  chip  pivot  point  inspection  box  120  is  calculated  (box  334,  Fig.  24).  A  pivot  point  pattern  kernel  122  (Fig. 

10)  is  then  employed  to  determine  the  position  of  pivot  point  118.  Kernel  122  has  a  "1"  value  assigned  to 
the  respective  pels  which  are  centered  on  imaged  contacts  116,  124,  and  126.  A  "-1"  value  is  assigned  to 
the  pel  centered  on  pivot  point  118.  Since  the  exact  centers  of  contacts  116,  124,  and  126  are  not  known  in 
the  imaged  pattern,  a  pivot  point  pattern  kernel  122  is  used  to  identify  those  features.  It  is  first  overlaid  onto 

40  inspection  box  122,  starting  at  its  upper  left  corner  (box  336).  Then,  the  underlying  pel  values  in  the  imaged 
contact  pattern  are  multiplied  by  the  overlaid  kernel  pel  values  (box  338),  and  the  results  accumulated  for 
each  pel  in  the  kernel. 

As  each  pel  calculation  is  completed,  it  is  determined  whether  there  are  any  additional  pels  to  examine 
(box  342).  Assuming  that  additional  pels  are  to  be  examined,  the  program  continues  to  box  344  where  it 

45  determines  if  the  last  sum  is  the  largest  yet  recorded.  If  it  is,  then  the  coordinates  of  that  pel  are  temporarily 
assigned  as  the  pivot  point  (box  346).  The  program  then  cycles  back  to  box  336  and  the  next  pel  is 
accordingly  handled.  Thus,  as  each  pel  is  processed,  the  pivot  point  pel  is  updated  to  indicate  the  position 
of  the  pel  which  has  the  highest  value  resulting  from  the  pivot  point  kernel  calculations. 

Once  the  last  pel  in  the  inspection  box  has  been  examined  and  the  pivot  point  determined,  the  program 
50  proceeds  to  Fig.  25  and  box  348.  As  shown  in  Fig.  11,  a  chip  angle  kernel  122  is  overlaid  on  the  enhanced 

chip  image  and  is  positioned  so  that  its  pivot  point  130  is  centered  on  the  previously  determined  chip  pivot 
point.  All  pels  of  kernel  122  are  zeros  except  those  at  each  of  three  corners  where  a  pair  of  adjacent  contact 
point  pels  are  assigned  one  values.  The  chip  angle  kernel  is  then  rotated  by  a  small  angle  (box  350),  and  its 
kernel  values  are  multiplied  by  the  underlying  enhanced  image  pel  values  (box  352).  The  results  of  each 

55  such  calculation  are  accumulated  (box  354)  and  then  it  is  determined  whether  the  rotation  of  the  chip  angle 
kernel  is  the  largest  allowed.  If  not,  it  is  determined  whether  the  sum  just  recorded  is  the  largest  and  if  it  is 
(box  362),  that  sum  is  assigned  to  the  chip  angle  amount  which  the  chip  angle  kernel  has  been  rotated. 

At  this  point,  the  program  recycles  and  continues  to  rotate  the  chip  angle  kernel,  first  in  one  direction  to 
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a  maximum  angle  and  then  to  another  direction  until  it  reaches  a  maximum  angle.  Once  the  largest  rotations 
have  been  reached,  the  largest  sum  assigned  to  an  angle  indicates  the  angle  of  the  imaged  chip.  Now,  the 
bond  site  model's  pivot  point  and  angle  are  adjusted  to  coincide  with  the  determined  pivot  point  and  angle 
of  the  enhanced  image  contact  pattern.  Thus,  the  chip  contact  model  is  now  oriented  in  accordance  with  the 

5  orientation  of  the  imaged  chip  contacts. 
At  this  stage,  it  is  necessary  to  determine  the  center  of  each  of  the  chip  contacts  in  the  chip  image. 

This  determination  is  accomplished  in  a  manner  similar  to  that  used  previously  to  find  the  beam  lead 
centers  in  the  imaged  lead  frame  and  is  described  in  detail  in  Figs.  26-31  . 

As  shown  in  Fig.  26,  the  location  of  inspection  bands  is  first  calculated  for  all  bond  sites  (chip  contacts). 
io  This  can  be  visualized  by  referring  to  Fig.  12  wherein  a  pair  of  inspection  bands  134  and  136  are  shown 

encompassing  chip  contacts  114.  This  procedure  additionally  uses  an  inspection  box  138  (Fig.  13)  to  aid  in 
determining  the  contact  centers.  The  procedure  differs  from  the  lead  frame  bond  site  algorithm,  because 
each  chip  contact  114  is  imaged  as  a  bright  site.  It  is  to  be  remembered  that  each  beam  lead  was  imaged 
as  a  dark  site.  The  use  of  a  bright,  highly  reflective  image  to  determine  sub-pel  locations  is  to  be  avoided 

is  as  any  change  in  light  intensity  of  the  image  can  greatly  vary  the  positional  results  achieved.  As  a  result, 
the  algorithm  used  for  finding  contact  bond  site  centers  depends  upon  finding  the  dark  center  point 
between  a  pair  of  contacts  114,  using  a  slope  finding  kernel.  Once  the  center  point  between  adjacent 
contacts  is  found,  the  contact  point  centers  can  be  determined  with  great  accuracy. 

Contact  center  determination  commences  by  first  calculating  inspection  bands  (box  362),  and  then 
20  performing  a  convolution  subroutine  using  the  same  slope  finding  kernel  as  shown  in  Fig.  4.  The 

convolution  routine  is  identical  to  that  shown  in  Fig.  15.  Once  the  convolution  subroutine  has  been 
completed  (box  363),  the  pel  location  of  a  first  "dark"  valley  between  the  first  two  bond  sites  is  predicted 
from  the  chip  model.  That  predicted  pel  is  assigned  as  the  first  test  pel  (box  364).  The  convolved  data  for 
that  pel  and  the  pel  to  its  immediate  left  are  read  and  assigned  as  Sp  and  Sm  (boxes  366,  368).  A  slope 

25  test  is  applied  to  those  values  (box  370)  and  if  the  indicated  AND  condition  is  not  met,  adjacent  pels  are 
tested  (box  374).  After  five  pels  have  been  tested  (box  376)  and  the  slope  AND  condition  still  not  met,  a 
contact  problem  exists,  and  the  program  increments  to  box  400,  Fig.  28  where  the  chip  is  removed  and  the 
program  recycles. 

On  the  other  hand,  if  the  slope  test  AND  condition  is  met,  then  an  interpolation  occurs  between  Sm  and 
30  Sp  to  find  the  precise  location  where  the  change  of  light  slope  goes  to  zero  (box  372).  The  program  then 

determines  if  another  dark  valley  minimum  exists  (box  378)  and  if  so,  it  determines  whether  the  pel  intensity 
nearest  the  new  minimum  is  less  than  the  pel  intensity  nearest  the  old  minimum  (box  380).  This  covers  the 
case  where  more  than  one  minimum  is  found  between  two  contacts.  The  lowest  intensity  minimum  is  the 
one  which  is  assigned  the  true  midpoint  (box  382).  Until  five  pels  have  been  tested  (box  384),  the  program 

35  continues  to  recycle  back  to  box  370. 
Once  five  pels  have  been  tested  (box  384),  any  error  between  the  predicted  and  actual  locations  of  the 

first  midpoint  between  contacts  is  recorded  (box  386).  This  value  is  assigned  to  the  "average  prediction" 
error.  Then,  the  next  valley  location  is  predicted  (box  388),  and  the  program  continues  by  choosing  the  next 
test  pel  (box  390,  Fig.  28).  The  slope  finding  test  is  repeated  in  boxes  392,  394,  and  396.  Again,  if  the  slope 

40  test  is  not  met,  and  five  pels  have  been  tested  (box  398),  the  chip  is  returned  to  the  chip  table  (box  400).  If 
the  slope  test  is  met,  an  interpolation  occurs  between  Sm  and  Sp  to  find  the  location  where  the  slope  is 
zero  (box  402).  This  minimum  is  assigned  as  the  midpoint  between  the  contacts  (box  404),  and  the  error 
between  the  predicted  and  actual  locations  of  the  midpoint  is  recorded  (box  406). 

The  program  then  proceeds  to  Fig.  29  where  it  asks  whether  N  bond  centers  have  been  found  (box 
45  408)  and  if  not,  it  recycles  back  to  box  388  in  Fig.  27.  If  N  centers  have  been  found,  it  asks  whether  all 

bond  centers  in  the  inspection  band  have  been  found  (box  410)  and  if  not,  it  averages  the  error  between  the 
last  N  predicted  and  actual  valley  centers  and  assigns  this  as  the  average  prediction  error.  The  program 
then  recycles  back  to  box  388,  Fig.  27  and  continues. 

If  all  bond  centers  in  an  inspection  band  have  been  found  and  all  inspection  bands  searched  (box  414), 
50  the  program  continues  to  Fig.  30.  On  the  other  hand,  if  remaining  inspection  bands  are  yet  to  be  searched 

(box  416),  the  program  repeats  as  shown. 
Turning  now  to  Fig.  30,  the  "Fit  of  Measured  Valley  Positions"  routine  is  illustrated.  The  aim  of  this 

routine  is  to  find  the  center  and  angle  of  the  imaged  chip.  This  is  accomplished  by  first  averaging  the 
measured  valley  locations  for  each  side  of  the  chip  to  obtain  the  center  of  each  side  (box  418),  and  then 

55  averaging  the  found  centers  to  obtain  a  rough  center  for  the  chip  (box  420).  The  centers  of  opposite  sides 
of  the  chip  are  then  connected  and  the  angles  between  the  connecting  lines  and  complementary  lines  on 
the  bond  site  model  are  determined.  Those  measurements  are  in  turn,  averaged  to  find  the  angle  between 
the  chip  and  the  bond  site  model  and  this  angle  is  assigned  as  the  angle  of  the  chip  (box  422). 
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The  rough  center  of  the  chip,  determined  as  shown  in  boxes  420  and  422,  is  corrected  using  the  angle 
between  the  chip  and  the  bond  site  model  (box  424).  See  also  Table  1  .  The  chip  contact  model  is  oriented 
to  the  corrected  center  and  angle  (box  426).  Then,  the  location  differences  are  determined  between  the 
model  bond  sites  and  the  measured  chip  contact  centers.  A  maximum  bond  site  error  is  thus  determined 

5  and  is  compared  to  a  user  selected  threshold  (boxes  428,  430).  If  the  maximum  bond  site  error  is  found  to 
be  greater  than  the  threshold  (box  432,  Fig.  31),  the  chip  is  returned  to  the  chip  table  (box  434).  If  not,  the 
error  between  the  predicted  and  actual  location  of  the  chip  center  is  recorded  (box  436).  Then,  it  is 
determined  whether  M  chips  have  been  found  and  if  so,  the  recorded  chip  center  errors  over  M  chips  are 
averaged  (box  440). 

io  Subsequently,  the  program  proceeds  to  box  442  where  a  calculation  occurs  to  determine  the  amount  to 
move  the  chip  and  the  tape  so  that  they  are  coincident  and  in  line  with  the  upper  thermode.  As  is  now 
apparent,  the  lead  frame  bond  site  model  is  now  aligned  in  accordance  with  the  imaged  lead  frame  and  the 
chip  contact  model  is  aligned  with  the  imaged  chip  contacts.  Thus,  by  examining  the  relative  positions  of 
the  two  models,  the  translation  and  rotation  amounts  for  the  chip  and  the  translation  amount  for  the  tape  can 

is  be  determined  which  will  bring  them  into  positional  coincidence  at  bond  time.  Additionally,  the  translation 
and  rotation  necessary  to  bring  upper  thermode  48  precisely  over  the  chip/tape  are  determined. 

The  control  system  now  causes  the  thermodes  and  tape  to  move  accordingly  (box  446,  Fig.  32).  This  is 
followed  by  lower  thermode  36  being  moved  to  the  upper  (bonding)  position  (box  448).  Upper  thermode  48 
is  then  moved  down  to  bear  upon  the  chip  and  TAB  tape  (box  450),  and  bonding  conditions  are  applied 

20  (box  452).  After  bonding,  thermode  48  is  returned  to  its  rest  position  (box  454),  the  vacuum  holding  the  chip 
to  thermode  36  is  released  and  it  is  lowered  away  from  the  now  bonded  chip/lead  frame  (box  456). 

The  above  system  and  method  enable  positional  accuracies  of  +1-2  microns  to  be  achieved  and  for  a 
chip  placement  and  bonding  to  occur  in  approximately  6  seconds.  Such  accuracy  and  speed  are  obtained 
notwithstanding  the  fact  that  the  pel  size  used  by  the  imaging  system  is  25  microns  on  a  side. 

25  It  should  be  understood  that  the  foregoing  description  is  only  illustrative  of  the  invention.  Various 
alternatives  and  modifications  can  be  devised  by  those  skilled  in  the  art  without  departing  from  the 
invention.  For  instance,  while,  for  purposes  of  explanation,  two  models  have  been  described  -  i.e.,  a  band 
site  model  for  the  lead  frame  and  a  contact  pattern  model  for  the  chip,  a  single  model  encompassing  all 
bond  sites/contacts  can  be  utilized.  Accordingly,  the  present  invention  is  intended  to  embrace  all  such 

30  alternatives,  modifications  and  variances  which  fall  within  the  scope  of  the  appended  claims. 

Claims 

1.  A  method  for  aligning  a  contact  pattern  on  an  electronic  device  held  by  a  first  movable  support,  with  a 
35  bond  site  pattern  on  a  lead  frame  held  by  a  second  movable  support,  comprising  the  steps  of: 

a.  creating  and  storing  precise  models  of  contact  and  bond  site  patterns; 
b.  deriving  images  of  said  electronic  device  and  said  lead  frame,  said  electronic  device  and  lead 
frame  to  be  hereafter  moved  by  said  first  and  second  movable  supports  into  a  bonding  position  to 
enable  said  electronic  device  contact  pattern  to  be  bonded  to  bond  sites  on  said  lead  frame; 

40  c.  determining  the  position  of  contacts  in  said  imaged  contact  pattern,  and  reorienting  said  contact 
pattern  model  to  a  best  fit  with  said  determined  contact  positions; 
d.  determining  the  position  of  bond  sites  on  said  imaged  lead  frame,  and  reorienting  said  bond  site 
model  to  a  best  fit  with  said  determined  bond  site  positions; 
e.  finding  positional  differences  between  said  reoriented  bond  site  and  contact  pattern  models;  and 

45  f.  generating  signals  to  reorient  said  first  and  second  movable  supports  to  minimize  said  positional 
differences  when  said  first  and  second  supports  are  moved  into  said  bonding  position. 

2.  The  method  as  defined  in  claim  1,  wherein  said  deriving  step  (b)  includes  storing  a  plurality  of  gray 
scale  value  pels  which  comprise  said  images,  said  pels  having  dimensions  that  are  larger  than 

50  dimensional  resolutions  required  by  said  method,  said  step  (d)  further  comprising  the  sub-steps  of: 
d1.  illuminating  said  lead  frame  to  render  leads  therein  in  shadow; 
d2.  finding  pels  close  to  a  bond  site; 
d3.  determining  the  slope  of  gray  scale  value  change  of  said  close  pels  to  find  a  pel  whose  change 
is  a  first  value  and  is  adjacent  a  second  pel  whose  change  is  either  zero  or  a  second  opposite  sign 

55  value  to  said  first  value;  and 
d4.  interpolating  between  said  close  pels  to  determine  a  position  where  said  slope  change  of  gray 
scale  value  is  approximately  zero  and  is  indicative  of  a  light  minima  and  assigning  that  position  as  a 
bond  site. 

13 
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The  method  as  defined  in  claim  2  wherein,  subsequent  to  said  step  d4,  the  method  further  comprises: 
d5.  deriving  from  said  determined  bond  sites,  a  center  and  angular  orientation  of  said  imaged  lead 
frame. 

The  method  as  defined  in  claim  3,  wherein  subsequent  to  said  step  (d5),  the  method  further  comprises 
the  step  of: 

d6.  determining  if  either  said  derived  center  or  angular  orientation  of  said  image's  lead  frame  differs 
by  more  than  predetermined  limits  from  said  bond  site  model  center  or  angular  orientation,  and  if 
not; 
67  reorienting  said  bond  site  model  by  moving  its  center  and  angular  orientation  to  match  that  of 
said  imaged  lead  frame. 

The  method  as  defined  in  anyone  of  the  claims  2  to  4,  wherein  said  illumination  of  said  lead  frame 
causes  individual  beam-leads  to  be  imaged  as  dark,  gray  scale  value  pels. 

The  method  as  defined  in  anyone  of  the  claims  1  to  5,  wherein  said  deriving  step  (b)  includes  storing  a 
plurality  of  gray  scale  value  pels  which  comprise  said  images,  said  pels  having  dimensions  that  are 
larger  than  dimensional  resolutions  required  by  said  method,  said  step  (c)  further  comprising  the  steps 
of: 

c1  .  illuminating  said  contact  pattern  so  as  to  render  spaces  therebetween  in  shadow; 
c2.  finding  pels  intermediate  a  pair  of  contacts; 
c3.  determining  the  slope  of  gray  scale  value  change  of  said  found  pels  to  find  one  whose  change  of 
gray  scale  is  a  first  value  and  is  adjacent  a  second  pel  whose  slope  change  of  gray  scale  value  is 
either  zero  or  a  second  opposite-sign  value  to  said  first  value; 
c4.  interpolating  between  said  found  pels  to  determine  a  position  where  said  slope  change  of  gray 
scale  value  is  approximately  zero  and  indicates  a  light  minima;  and 
c5.  determining  from  said  position,  adjacent  contact  center  positions  of  said  imaged  contact  pattern. 

The  method  as  defined  in  claim  6  wherein,  subsequent  to  said  step  c5,  the  method  further  comprises 
the  steps  of: 

c6.  deriving  from  said  determined  contact  center  positions,  a  center  and  angular  orientation  of  said 
imaged  contact  pattern. 

The  method  as  defined  in  claim  7,  wherein  subsequent  to  said  step  c6,  the  method  further  comprises 
the  steps  of: 

c7.  determining  if  either  said  center  or  angular  orientation  of  said  imaged  contact  pattern  differs  by 
more  than  predetermined  limits,  from  said  center  or  angular  orientation  of  said  contact  pattern 
model,  and  if  not; 
c8.  reorienting  said  contact  pattern  model  by  moving  its  center  and  angular  orientations  to  match 
that  of  said  imaged  contact  pattern. 

The  method  as  defined  in  anyone  of  the  claims  1  to  8,  wherein  each  contact  in  said  contact  pattern  is 
configured  as  a  raised  bump,  and  said  illuminating  step  c1  is  accomplished  by  directing  a  light  beam 
parallel  to  the  surface  of  said  electronic  device. 

The  method  as  defined  in  anyone  of  the  claims  1  to  9,  wherein  said  step  b  further  comprises  the  step 
of: 

b1.  convolving  image  pels  of  said  electronic  device  by  employing  a  site  enhancement  multi-pel 
kernel  and  sequencing  said  kernel  through  said  image  pels,  multiplying  values  of  said  kernel  pels  by 
gray  scale  values  of  said  image  pels  and  accumulating  products  of  said  kernel  pel  multiplications  for 
each  said  image  pel. 

The  method  as  defined  in  anyone  of  the  claims  1  to  10,  wherein  said  step  (c)  further  comprises  the 
steps  of: 

c9.  locating  an  approximate  site  of  a  pivot  point  in  said  imaged  contact  pattern; 
c10.  using  a  pivot  point  kernel,  finding  a  pel  in  said  imaged  contact  pattern  corresponding  to  said 
pivot  point; 
c11.  placing  a  chip  angle  kernel  at  said  pivot  point  and  determining  an  orientation  angle  of  said 
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imaged  contact  pattern  using  said  kernel;  and 
c12.  orienting  said  contact  pattern  model  coincident  with  said  determined,  imaged  contact  pattern 
pivot  point  and  orientation  angle. 

5  12.  The  method  as  defined  in  anyone  of  the  claims  1  to  11,  wherein  step  (e)  further  comprises: 
e1  .  finding  a  maximum  positional  difference  on  each  side  of  a  lead  frame; 
e2.  translating  said  bond  site  model  to  minimize  said  maximum  positional  differences;  and 
e3.  rotating  said  bond  site  model  to  further  reduce  said  maximum  positional  differences. 

io  13.  The  method  as  defined  in  claim  12,  wherein  step  (e)  further  comprises: 
e4.  correcting  for  parallax  errors  resulting  from  offsets  in  leads  in  said  lead  frame  by  extracting  a 
contribution  to  said  error  which  grows  in  proportion  to  a  lead's  position  in  relation  to  an  imaging 
camera. 

is  14.  The  method  as  defined  in  anyone  of  the  claims  1  to  13  further  comprising  the  steps  of: 
g.  averaging  positional  differences  found  in  step  (e)  over  N  imaged  lead  frames  and  electronic 
devices;  and 
h.  adjusting  the  movement  of  said  second  movable  support  to  minimize  said  averaged  positional 
difference. 

20 
15.  An  apparatus  for  bonding  contact  areas  of  an  electronic  device  to  one  of  a  plurality  of  lead  frames, 

each  said  lead  frame  having  a  plurality  of  bond  sites  and  first  and  second  surfaces,  said  apparatus 
comprising; 

25  advancing  means  for  moving  a  lead  frame  into  a  bonding  position,  said  advancing  means  being 
adjustably  movable  along  a  first  axis  but  fixed  along  a  second  orthogonal  axis; 

support  means  for  holding  said  electronic  device  so  that  its  contact  areas  are  disposed  towards  said 
first  surface  of  said  lead  frame,  said  support  means  adjustably  translatable  both  along  said  first  and 

30  second  axes  and  non-adjustably  translatable  along  a  third  orthogonal  axis  which  is  perpendicular  to  said 
lead  frame  surfaces,  said  support  means  further  adjustably  rotatable  about  said  third  axis; 

anvil  means  disposed  along  said  third  axis  opposite  said  second  surface  of  said  lead  frame,  said  anvil 
means  fixed  in  said  first  axis,  but  adjustably  translatable  along  said  second  and  third  axes; 

35 
optical  means  for  imaging  said  advancing  and  support  means; 

processor  means  responsive  to  said  optical  means,  for  determining  positional  differences  between  bond 
sites  on  a  lead  frame  and  contact  areas  on  an  electronic  device,  and  causing  movements  of  said 

40  support  means  and  advancing  means  on  axes  along  which  said  means  are  respectively,  adjustably 
translatable  or  rotatable,  to  reduce  said  positional  differences,  whereby  reliable  bonding  is  enabled  to 
occur. 

16.  The  apparatus  as  recited  in  claim  15,  wherein  said  processor  means,  based  upon  positional  errors 
45  determined  between  a  bond  site  model  and  an  imaged  lead  frame,  controls  said  advancing  means  to 

alter  its  advancing  action  along  said  first  axis  to  adjust  the  positioning  of  a  group  of  succeeding  lead 
frames. 

17.  The  apparatus  as  recited  in  claim  15  or  16,  wherein  said  processor  means,  alters  the  position  of  a  bond 
50  site  model  to  coincide  with  the  position  of  an  imaged  lead  frame. 

18.  The  apparatus  as  recited  in  anyone  of  the  claims  1  to  17,  wherein  said  processor  means,  in  response 
to  a  comparison  which  indicates  a  fault  between  an  imaged  lead  frame  and  said  bond  site  model, 
causes  any  bonding  action  to  be  aborted  and  said  advancing  means  to  move  another  lead  frame  into 

55  said  bonding  position. 

19.  The  apparatus  as  recited  in  anyone  of  the  claims  15  to  18,  wherein  said  processor  means,  in  response 
to  positional  errors  determined  between  an  imaged  electronic  device  contact  pattern  and  a  model  of 

15 
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said  contact  pattern,  causes  said  model  to  alter  its  position  by  translating  it  along  said  first  and  second 
axes  and  rotating  it  about  said  third  axis,  all  to  reduce  said  positional  errors  to  a  minimum. 

20.  The  apparatus  recited  in  anyone  of  the  claims  15  to  19,  further  including  transport  means  for  moving 
5  electronic  devices  from  a  supply  to  said  support  means,  said  processor  means,  upon  determining  that 

positional  errors  between  said  imaged  electronic  device  contact  pattern  and  said  contact  pattern  model 
exceed  a  threshold,  causes  said  transport  means  to  replace  said  electronic  device  with  another. 

21.  The  apparatus  as  recited  in  anyone  of  the  claims  15  to  20,  wherein  said  processor  means  determines 
io  positional  misalignments  between  said  altered  position  bond  site  model  and  said  model,  and  employs 

said  positional  error  to  reposition  said  advancing  means  and  support  means  to  compensate  for  said 
positional  misalignments. 

22.  The  apparatus  as  recited  in  anyone  of  the  claims  15  to  21,  wherein  said  electronic  device's  bonding 
is  contact  areas  are  raised  bumps  and  wherein  said  optical  means  for  imaging  said  support  means 

illuminates  said  bumps  with  light  beams  which  are  parallel  to  a  surface  of  said  electronic  device  from 
which  said  bumps  protrude. 

16 
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_EAD  FRAME  R O U T I N E  

DELIVER  NEXT  TAB  LEAD  FRAME  T O  
BOND  S I T E .  

I  
~  

DIGITIZE  AND  STORE  FRAME  IMAGE. 

1 

MEASURE  N O N - O C C L U D E D   LIGHT  TO 
DETERMINE  "BRIGHT"  LIGHT  VALUE. 

I  

CALCULATE  T H R E S H O L D   VALUE. 
THRESHOLD  VALUE  =  "BRIGHT"  x  U S E R  
DEFINED  C O N S T A N T .  

I  
~  

C R E A T E   I N S P E C T I O N   BANDS  A N D  
I N S P E C T I O N   BOX.  

i  
~  

PERFORM  CONVOLUTION  SUBROUTINE 
USING  VALLEY-FINDING  K E R N E L .  

24 
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CONVOLUTION  S U B - R O U T I N E  

A)  OVERLAY  A  KERNEL  OVER  FIRST  P E L  
(i.e.,  " T E S T   P E L " )   IN  REGION  OF  I N T E R E S T .  

B)  MULTIPLY  KERNEL  VALUES  BY  P E L  
V A L U E S .  

C)  A C C U M U L A T E   R E S U L T S ;   ASSIGN  TO  T E S T  
PEL  IN  CONVOLVED  IMAGE  FRAME  B U F F E R .  

D)  R E P E A T   S T E P S   A-C  FOR  ALL  PELS  IN 
REGION  TO  A C H I E V E   A  CONVOLVED  IMAGE 
WHICH  HAS  A  PEL  FOR  P E L  
C O R R E S P O N D E N C E   WITH  O R I G I N A L  
L E A D F R A M E   IMAGE. 

2 I O  
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LEAD  FRAME  R O U T I N E  

2 2 4 -  

FROM  BOX  2 6 4  

I  2 2 0  

START  AT  EDGE  OF  INSPECTION  BAND,  A N D  
SELECT  A  TEST  PEL  LYING  ON  CENTER  ROW  OF 
INSPECTION  BAND.  (ORDER  IS  FROM  LEFT  TO 
RIGHT,  OR  FROM  TOP  TO  B O T T O M . )  

\  
S E L E C T   NEXT  PEL  -  

^ 2 2 2  
NO  /   IS  TEST  PEL  \  

,<  T H R E S H O L D ?  
YES 

2 2 6  
READ  CONVOLVED  VALUE  FOR  PEL  TO  LEFT  O F  
TEST  PEL.   CALL  THIS  S m .  

t  2 2 8  
READ  CONVOLVED  VALUE  FOR  TEST  PEL.   ^  
CALL  THIS  S p .  

/ I S   S m < 0   A N D  
(  ( S p > 0   OR 
\   S p = 0 ) ?  

Y E S  

fO  BOX  2 3 2  

>6 
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LEAD  FRAME  ROUTINE  (CONT  D) 

I N T E R P O L A T E   B E T W E E N   Sm  AND  Sp  TO  F I N D  
LOCATION  WHERE  S L O P E   GOES  TO  Z E R O .  

2 3 2  

2 3 4  

ASSIGN  THIS  LOCATION  TO  C E N T E R   O F  
ASSOCIATED  L E A D .  

2 3 6  

PREDICT  LOCATION  OF  CENTER  OF  NEXT  L E A D  
IN  INSPECTION  BAND,  USING  BOND  S I T E  
MODEL  PLUS  AVERAGE  OF  LAST  N 
P R E D I C T E D - A C T U A L   LEAD  C E N T E R S ,   IF 
A V A I L A B L E .  

S E L E C T   A  TEST  PEL  N E A R E S T   P R E D I C T E D  
LOCATION  ON  CENTER  ROW  OF  I N S P E C T I O N  
BAND. 

SELECT  NEXT  T E S T  
P E L .  

•SELECT  F I R S T  
N E A R E S T   PELS,  T H E N  
NEXT  NEAREST  P E L S .  
ABORT  AFTER  5  
TEST  P E L S .  

N O ,  

2 4 0  

TEST  PEL  \  
VALUE  <  T H R E S }  
.HOLD  V A L U E ? /  

Y E S  

TO  BOX  2 0 0  
FIG.  14 
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LEAD  FRAME  ROUTINE  ( C O N T ' D )  

^ 2 4 4  

READ  CONVOLVED  VALUE  FOR  PEL  TO  L E F T  
OF  TEST  PEL.  CALL  THIS  S m .  

^ 2 4 6  

READ  CONVOLVED  VALUE  FOR  T E S T   P E L .  
CALL  THIS  S p .  

. . .   /  IS  S m < 0  
NQ—y  A N D ( S p > 0   O R  

TO  BOX  2 4 2   \   S p = 0 ) ?  
FIG.  17  r r :  

2 4 8  

YES  . 2 5 0  

i 
I N T E R P O L A T E   BETWEEN  Sm  AND  Sp  T O  
FIND  LOCATION  WHERE  SLOPE  GOES  TO 
Z E R O .  

. 2 5 2  
i 

A55IGN  THIS  LOCATION  TO  CENTER  O F  
ASSOCIATED  LEAD.  

^ 2 5 4  

RECORD  ERROR  BETWEEN  P R E D I C T E D   A N D  
ACTUAL  LOCATION  OF  LEAD  C E N T E R .  

!8 
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LEAD  FRAME  R O U T I N E   ( C O N T ' D )  

'  HAVE  N  BOND 
C E N T E R S   B E E N  

k  FOUND  ? 

Y E S  

Y E S  

'  HAVE  ALL  > 
I N S P E C T I O N  

BANDS  B E E N  
. S E A R C H E D ?   , 

Y E S  

TO  BOX  2 3 6  
FIG.  17 

2 5 8  

HAVE  A L L  
BOND  CENTERS  IN 
INSPECTION  B A N D  
BEEN  FOUND  ? 

AVERAGE  E R R O R  
BETWEEN  LAST  N 
P R E D I C T E D   A N D  
ACTUAL  L E A D  
C E N T E R S .  2 6 0  

NO 

GO  TO  N E X T  
I N S P E C T I O N   BAND. 
ORDER  IS  T O P ,  
BOTTOM,   L E F T ,  
THEN  RIGHT. 

2 6 4  

TO  BOX  2 2 0  
FIG.  16 
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_EAD  FRAME  ROUTINE  ( C O N T ' D )  

FIND  CENTER  OF  EACH  SIDE  OF  FRAME  BY  L 
AVERAGING  M E A S U R E D   BONDING  S I T E S .  

r  

AVERAGE  CENTERS  OF  O P P O S I T E   SIDES  TO 
OBTAIN  ROUGH  C E N T E R   OF  LEAD  F R A M E .  

T  

CONNECT  C E N T E R S   OF  OPPOSITE  FRAME  S I D E S .  

1 

OBTAIN  TWO  MEASUREMENTS  OF  ANGLE  B E T W E E N  
CONNECTING  LINES  AND  COMPLEMENTARY  L I N E S  
ON  BOND  SITE  M O D E L .  

1 

AVERAGE  M E A S U R E M E N T S   TO  FIND  A N G L E  
BETWEEN  LEADFRAME  AND  BOND  SITE  M O D E L .  
ASSIGN  THIS  AS  ANGLE  OF  L E A D F R A M E .  

1 

CORRECT  ROUGH  CENTER  OF  LEADFRAME  F O R  
CENTER  SHIFT  CAUSED  BY  ANGLE  B E T W E E N  
LEADFRAME  AND  BOND  SITE  MODEL.  A S S I G N  
THIS  AS  CENTER  OF  L E A D F R A M E .  

1 

ORIENT  BOND  SITE  MODEL  TO  C E N T E R   AND 
ANGLE  OF  LEADFRAME.   

_ _ _ _  
1 

DETERMINE  LOCATION  D I F F E R E N C E S   B E T W E E N  
MODEL  BOND  SITES  AND  MEASURED  LEADFRAME 
LEAD  CENTERS.   THESE  ARE  BOND  SITE  E R R O R S .  
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LEAD  FRAME  FINE  P O S I T I O N I N G  

(MODEL  T R A N S L A T I O N )  

FIND  MAXIMUM  BOND  SITE  ERROR  FOR  EACH 
SIDE  OF  LEADFRAME  (EACH  I N S P E C T I O N  
BAND) .  

I  

CORRECT  FOR  INCREASE  IN  BOND  SITE  E R R O R S  
DUE  TO  VARIATION  IN  LEAD  HEIGHTS  ON 
EACH  SIDE  OF  LEADFRAME  ( P A R A L L A X ) .  

I  

T R A N S L A T E   MODEL  TO  MINIMIZE  MAXIMUM 
BOND  SITE  ERROR.  THE  AMOUNT  T O  
T R A N S L A T E   IS  AVERAGE  OF  (SIGNED)  MAXIMUM 
ERRORS  ON  OPPOSITE  SIDES  OF  L E A D F R A M E .  

I  

RECOMPUTE  MAXIMUM  BOND  SITE  E R R O R S  
FOR  EACH  SIDE  OF  L E A D F R A M E .  

(MODEL  ROTATION)  j  
ROTATE  MODEL  A  S M A L L   AMOUNT  IN 
DIRECTION  OF  LARGEST  BOND  SITE  ERROR  ON 
L E A D F R A M E .   THE  DIRECTION  OF  ROTATION  IS 
TO  REDUCE  MAXIMUM  E R R O R .  

t  
R E C O M P U T E   MAXIMUM  BOND  SITE  E R R O R S  
FOR  EACH  SIDE  OF  L E A D F R A M E .  
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_EAD  FRAME  FINE  P O S I T I O N I N G  

^ 2 9 4  
/   DID  NEW  > 

NO  /   MAXIMUM  ERROR 
~ \ ,   ON  L E A D F R A M E  

\   INCREASE  ?  

, �  

[YES  2 9 6  

UNDO  LAST  ROTATION 
<  i  * 

COMPARE  MAXIMUM  BOND  SITE  ERROR  ON 
L E A D F R A M E   TO  USER  SELECTED  THRESHOLD.  

Y E S  

TO  BOX  2 0 0  
FIG.  14 

MAXIMUM 
BOND  S I T E  

E R R O R  
THRESHOLD  ? 

3 0 0  

NO 

RECORD  ERROR  BETWEEN  P R E D I C T E D   A N D  
ACTUAL  LOCATION  OF  LEADFRAME  C E N T E R .  

NO M  L E A D  
FRAMES  B E E N  

FOUND  ?  j 

3 0 4  

Y E S  

AVERAGE  RECORDED  ERROR  FOR  M  F R A M E S .  

ASSIGN  THIS  TO  HITCH  DISTANCE  CORRECTION. 

TO  BOX  312 
FIG.  2 3  
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CHIP  MOVEMENT  C O N T R O L  

FROM  BOX  4 3 4  
FIG.  31 J  3 I 2  

MOVE  VACUUM  PICKUP  AWAY  FROM  CHIP  T A B L E ,  

3 I 4  

MOVE  LOWER  T H E R M O D E   TO  DOWN  P O S I T I O N .  

1 

MOVE  CHIP  TABLE  TO  NEW  CHIP  P O S I T I O N .  

3 1 6  

\  3 1 8  

MOVE  VACUUM  PICKUP  BACK  TO  CHIP  TABLE.   \ ^  

I  3 2 0  

WHEN  VACUUM  PICKUP  IS  DIRECTLY  OVER  C H I P ,  
TURN  ON  CHIP  PICKUP  VACUUM  AND  THEN  MOVE 
VACUUM  PICKUP  OVER  T H E R M O D E .  

RAISE  LOWER  THERMODE  TO  UP  P O S I T I O N .  

TURN  OFF  PICKUP  VACUUM  AND  TURN  ON  L O W E R  
THERMODE  VACUUM. 

3 2 2  

3 2 4  

3 2 6  

MOVE  THERMODE  TO  CHIP  CAMERA  P O S I T I O N .  

DIGITIZE  AND  STORE  CHIP  IMAGE. 

3 2 8  

3 3 0  

MOVE  LOWER  THERMODE  DOWN  AND  MOVE  C H I P  
TO  NOMINAL  L E A D F R A M E   POSITION.  
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CHIP  INSPECTION  /POSITION  ROUTINE 

3 3 2  

PERFORM  A  CONVOLUTION  SUBROUTINE  O V E R  
CHIP  IMAGE  USING  BOND  SITE  E N H A N C E M E N T  
K E R N E L .  

3 3 4  

CALCULATE  POSITION  OF  CHIP  PIVOT  P O I N T  
INSPECTION  BOX. 

DVERLAY  PIVOT  POINT  PATTERN  KERNEL  ON 
NEXT  PEL  OF  INSPECTION  BOX. 

MULTIPLY  PIVOT  POINT  KERNEL  VALUES  BY 
UNDERLYING  ENHANCED  IMAGE  PEL  VALUES.  

ACCUMULATE  RESULTS  FOR  EACH  PEL  IN 
K E R N E L .  

3 4 2  
I  

LAST  PEL  IN  \   Y E S  
INSPECTION  B O X ? /  

EL  IN  \  
'ION  B O X ? /  
Tn  0  NO 

,  ^   3 4 4  
/   LARGEST  S U M  

NO  /   RECORDED  IN 
\   I N S P E C T I O N  

\   BOX  ? 
YES 

ASSIGN  COORDINATES  OF  PEL  TO  BE  P I V O T  
POINT.  

3 4 6 ^  

3 3 6  

3 3 8  

3 4 0  

T O  
BOX 
3 4 8  
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CHIP  I N S P E C T I O N / P O S I T I O N   R O U T I N E  

3 4 8  

OVERLAY  CHIP  ANGLE  KERNEL  ON  E N H A N C E D  
IMAGE.  POSITION  KERNEL  SO  OVER  P I V O T  
POINT  P E L .  

ORIENT  IT  TO  NEXT  A N G L E .  

3 5 0  

3 5 2  

MULIIPLY  KERNEL  VALUES  BY  U N D E R L Y I N G  
ENHANCED  IMAGE  PEL  VALUES.  

3 5 4  

ACCUMULATE  RESULTS  FOR  EACH  PEL  OF  C H I P  
ANGLE  KERNEL.  

3 5 6  
L A R G E S T  

R O T A T I O N  
A L L O W E D ?  

Y E S  

NO 

INO 
'  v  ^ 3 5 8  

LARGEST  x  ^  
S U M  

RECORDED?  , �  

YES  ^ 3 6 2  

KtCOKD  LARGEST  SUM.  ASSIGN  TO  CHIP,  ANGLE 
AMOUNT  CHIP  ANGLE  KERNEL  HAS  B E E N  
ROTATED. 

JKIENT  BOND  SITE  MODEL'S  PIVOT  POINT  AND 
&NGLE  TO  COINCIDE  WITH  MEASURED  P I V O T  
30INT  AND  A N G L E .  

v  
^ 3 6 0  
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CHIP  I N S P E C T I O N /   POSITION  R O U T I N E  

CALCULATE  LOCATION  OF  INSPECTION  BANDS 
FOR  BOND  SITES  ON  CHIP, 

PERFORM  CONVOLUTION  SUBROUTINE  U S I N G  
SLOPE  FINDING  K E R N E L .  

PREDICT  LOCATION  OF  VALLEY  BETWEEN  F I R S T  
TWO  BOND  SITES  IN  CURRENT  I N S P E C T I O N  
BAND  =  FIRST  TEST  P E L .  

READ  CONVOLVED  DATA  FOR  PEL  TO  LEFT  O F  
TEST  PEL.  CALL  THIS  Sm.  

READ  CONVOLVED  DATA  FOR  TEST  PEL.  C A L L  
THIS  S p .  

- S E L E C T   N E X T  
TEST  P E L .  

- S E L E C T   F I R S T  
NEAREST  P E L S ,  
THEN  N E X T  
N E A R E S T   P E L S .  

3 7 4  

N O /  
f  I S S m < 0   V  
A N D ( S p > O O R  
V _ S p = 0 ) ?   /  

_ / H A V E   5  PELS  '  
~ \ B E E N   T E S T E D ? ,  

3 7 6  

YES 

3 7 0  

YES 

3 7 2  

I N T E R P O L A T E   BETWEEN  Sm  AND  Sp  TO  F I N D  
LOCATION  WHERE  SLOPE  GOES  TO  Z E R O .  

TO  BOX  4 0 0  
FIG.  2 8  

TO  BOX  3 7 8  
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CHIP  INSPECTION  / P O S I T I O N   R O U T I N E  

TO  BOX  3 7 4  

Y E S  HAS  A  V A L L E Y \  
MINIMUM  B E E N  

,  FOUND  ?  /  

3 7 8  

kNO 

/ I S   PEL  INTENSITY  \  
N E A R E S T   NEW  MINIMUM 

SMALLER  THAN  P E L  
INTENSITY  NEAREST  OLD 

\   MINIMUM  (OR  MIDPOINT)? /  
3 8 0  

Y E S  

3 8 2  

ASSIGN  THIS  MINIMUM  TO  M I D P O I N T  
BETWEEN  FIRST  TWO  BONDING  S I T E S .  

3 8 4 -  / H A V E   5  \  
PELS  B E E ^  

\  T E S T E D ? /  

NO 

YES 

S E L E C T   N E X T  
TEST  P E L .  

RECORD  ERROR  B E T W E E N   P R E D I C T E D  
AND  ACTUAL  LOCATION  OF  F I R S T  
MIDPOINT.  ASSIGN  THIS  TO  A V E R A G E  
PREDICTION  E R R O R .  

TO 
BOX 
3 7 0  

3 8 6  

P R E D I C T   LOCATION  OF  NEXT  V A L L E Y .  

3 8 8  
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: h i p   i n s p e c t i o n   / p o s i t i o n   R O U T I N E  

3 9 0  

CHOOSE  NEXT  TEST  P E L .  

READ  CONVOLVED  DATA  FOR  PEL  TO  L E F T  
OF  TEST  PEL.   CALL  THIS  S m  

3 9 2  

3 9 4  

READ  CONVOLVED  DATA  FOR  TEST  P E L .  
CALL  THIS  S p .  

3 9 8  

NO HAVE  WE 
T E S T E D   5  

P E L S ?   , 

N O ;  

FROM  BOX  3 7 6  

t  IS  S m < 0   V  
A N D ( S p > 0   o r ;  
\  S p = 0 ) ?   /  

3 9 6  

YES 
4 0 0  
/  

RETURN  CHIP  TO  CHIP  TABLE.  | 

YES 

4 0 2  

I N T E R P O L A T E   BETWEEN  Sm  AND  Sp  T O  
FIND  LOCATION  WHERE  SLOPE  GOES  T O  
Z E R O .  

ASSIGN  THIS  MINIMUM  TO  M I D P O I N T  
BETWEEN  BONDING  S I T E S .  

4 0 4  

4 0 6  

RECORD  ERROR  B E T W E E N   P R E D I C T E D  
AND  ACTUAL  LOCATION  OF  M I D P O I N T .  
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SHIP  INSPECTION  / P O S I T I O N   R O U T I N E  

4 0 8  

'N  BOND  \  
C E N T E R S  

BEE EN 
F O U N D ?  

YES 

ALL  BOND  \  
C E N T E R S   IN 
I N S P E C T I O N  

BAND  FOUND  ?/ 

YES 

4 I 0  

TO  BOX  3 8 8  
FIG.  2 7  

L  
4 I 2  

AVERAGE  ERROR  B E T W E E N  
LAST  N  PREDICTED  AND 
ACTUAL  VALLEY  C E N T E R S .  
ASSIGN  THIS  TO  AVERAGE 
PREDICTION  E R R O R .  

ALL  I N S P E C T I O N  
BANDS  S E A R C H E D ?  

r  
4 I 4  

NO 

GO  TO  NEXT  INSPECTION  BAND. 
ORDER  IS  TOP,  BOTTOM,  L E F T  
THEN  RIGHT. 

4 I 6  

f  
TO  BOX  3 6 4  

FIG.  2 6  
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FIT  OF  MEASURED  VALLEY  P O S I T I O N S  

4 I 8  

AVERAGE  MEASURED  VALLEY  LOCATIONS  OF  E A C H  
SIDE  OF  CHIP  TO  OBTAIN  CENTER  OF  EACH  S I D E  

AVERAGE  CENTERS  OF  OPPOSITE  SIDES  TO 
OBTAIN  ROUGH  C E N T E R   OF  C H I P  

4 2 0  

4 2 2  

- C O N N E C T   C E N T E R S   OF  OPPOSITE  SIDES  TO 
OBTAIN  TWO  MEASUREMENTS  OF  ANGLE  B E T W E E N  
CONNECTING  LINES  AND  COMPLEMENTARY  L I N E S  
ON  BONDING  SITE  M O D E L .  
-AVERAGE  M E A S U R E M E N T S   TO  FIND  A N G L E  
B E T W E E N   CHIP  AND  BOND  SITE  M O D E L .  
-ASSIGN  THIS  TO  BE  ANGLE  OF  CHIP.  

4 2 4  

CORRECT  ROUGH  CENTER  OF  CHIP  FOR  C E N T E R  
SHIFT  CAUSED  BY  ANGLE  BETWEEN  I N S P E C T I O N  
BANDS  AND  NEWLY  DETERMINED  CHIP  A N G L E  

ORIENT  CHIP  MODEL  TO  CORRECTED  C E N T E R   A N D  
A N G L E  

4 2 6  

4 2 8  

D E T E R M I N E   LOCATION  D I F F E R E N C E S   B E T W E E N  
MODEL  BOND  SITES  AND  MEASURED  L E A D  
CHIP  CONTACT  C E N T E R S  

4 3 0  

COMPARE  MAXIMUM  BOND  SITE  ERROR  ON  CHIP  T O  
USER  S E L E C T E D   T H R E S H O L D  
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FIT  OF  MEASURED  VALLEY  P O S I T I O N S  

-ROM  BOX  3 8 4  
FIG.  2 7  

Y E S  

RETURN  CHIP 
TO  CHIP  T A B L E  

/MAXIMUM  > 
BOND  S I T E  
ERROR  >  
\ T H R E S H O L D   ?> 

4 3 4  

TO  BOX  3 I 2  

4 3 2  

MO 

4 3 6  

RECORD  ERROR  BETWEEN  PREDICTED  AND 
ACTUAL  LOCATION  OF  CHIP  C E N T E R  

Y E S  /   HAVE  M  1 
'CHIPS  B E E N  
\   FOUND?  ,  

AVERAGE  RECORDED 
CHIP  CENTER  E R R O R  
FOR  M  C H I P S  

4 4 0  

4 4 2  

CALCULATE  AMOUNT  TO  MOVE  CHIP  AND  T A P E  
SO  THEY  ARE  COINCIDENT,  AND  IN  LINE  WITH 
UPPER  T H E R M O D E  
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CHIP  BONDING 

MOVE  CHIP  AND  T A P E  4 4 6  

MOVE  LOWER  THERMODE  TO  UP  POSITION 

MOVE  UPPER  THERMODE  TO  B E  
COINCIDENT  TO  CHIP  AND  T A P E  

APPLY  BONDING  C O N D I T I O N S  

RETURN  UPPER  THERMODE  TO  R E S T  
P O S I T I O N  

RELEASE  VACUUM  FROM  CHIP  A N D  
LOWER  LOWER  T H E R M O D E  

RETURN  LOWER  THERMODE  TO  C H I P  
PICKUP  SITE.   GO  BACK  TO  START  OF  LOOP 
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